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Methods: The 609 medical records of digestive system diseases treated by Yan Zhenghua were
collected and the herbs in these recipes were examined using a data mining technique. The
correlativity between herb pairs and association rules was studied using an Apriori algorithm
and the correlativity among multi-herbs was studied using a complex system entropy cluster
technique.
Results: Yan Zhenghua’s treatment of digestive system diseases featured 15 herbs prescribed
at least 159 times each, 22 herb pairs prescribed at least 155 times each, and eight frequently
used herb core combinations. A confidence greater than 0.91 and a support level greater than
20% were achieved using the modified mutual information method.
Conclusion: The data mining results conformed to findings from clinical practice. The data
mining method is a valuable technique with which to study the experience of famous, elderly
traditional Chinese medicine physicians.
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Professor Yan Zhenghua is a famous traditional Chinese
medicine (TCM) master and has accumulated rich clinical
experience in using simple Chinese medicines for syndrome
differentiation and treatment of digestive system diseases.
Traditional Chinese internal medicine includes digestive
system diseases such as stomachache, diarrhea, acid
regurgitation, distention and fullness, abdominal pain,
constipation, hiccup, anorexia, dysentery, vomiting, and
gastric upset. Chinese medicine (CM) recipes have been
widely used to treat digestive system diseases and have
been recognized as interesting alternatives that can com-
plement conventional medicine.
TCM is a complex system based on personal under-
standing and experiential data, which has rarely been
objectively defined and quantified. It is difficult to extract
precise prescriptions and the tacit information they contain
about the distribution patterns of constituent herbs. In this
paper, we selected prescriptions for digestive system dis-
eases and analyzed the prescription rules. We used an un-
supervised data mining method with an Apriori algorithm
and complex system entropy clustering technique under
association rules. Our aim was to elucidate Professor Yan
Zhenghua’s clinical experience and rules of drug selection.Material and methods
Inclusion criteria
All the TCM prescriptions were selected from Professor
Yan’s records in Guo Yi Tang Clinic of Beijing University of
Chinese Medicine. Altogether, 609 recipes were included.
All the cases conformed to the diagnostic criteria for
digestive system diseases stipulated in traditional Chinese
internal medicine. The 609 recipes did not record whether
the consultation was the patient’s first.
Construction of recipe database
The TCM prescriptions were classified and summarized by
the core research team composed of Professor Yan’s aca-
demic inheritors. For the analysis and data mining, the
symptoms, signs, diagnosis, syndromes, and treatment
methods were unified and summed according to TCM text-
book criteria. The CM used in the prescriptions was summed
and the classification, property, and channel tropism were
defined. Modern versions of Chinese herbal medicine
teaching texts were used as standards. All the data were
put into the software named ‘Auxiliary Platform System for
the inheritance of TCM’, which was provided by the Insti-
tute of Chinese Materia Medica, China Academy Chinese
Medical Sciences.
Using a Microsoft Access database, Professor Yan’s clin-
ical diagnosis and treatment information were collected,
then a medical record template was constructed. Each
patient’s information was recorded in the database ac-
cording to the national unified and standardized style for
writing medical records. A total of 609 CM prescriptions
were recorded on the database. Among these, 183 were forstomachache, 90 for diarrhea, 86 for acid regurgitation, 70
for distention and fullness, 61 for abdominal pain, 47 for
constipation, 36 for hiccup, 16 for anorexia, 10 for dysen-
tery, eight for vomiting, and two for gastric upset.
Data mining methods
We used the self-organizing approach of unsupervised
cluster analysis to detect several herb combinations. These
combinations were potential prescriptions that did not
appear directly in the prescription. Unsupervised data
mining methods or clustering methods can reveal the
number of such prescriptions. According to TCM theory,
most herbs appear in a range of formulas and play
distinctive roles in those formulas. So-called “hard” clus-
tering methods are not useful for detecting underlying
prescriptions because they assume that each data elements
belongs only to one cluster, whereas a single herb can
appear in different prescriptions. Furthermore, our data
were composed of categorical variables (i.e., only two
categories, “0” and “1”), which greatly restricted the type
of clustering method that could be used.
We propose a hierarchical pattern discovery algorithm to
resolve the above problem. Based on basic cluster meth-
odology, this algorithm consists of a revised version of the
pattern discovery algorithm and associations delineated by
mutual information (MI). MI is effective at measuring the
association between categorical variables. The pattern
discovery algorithm has been successfully used to reveal
several patterns in chronic renal failure data and has shown
that some variables appear in different patterns.1,2
Apriori algorithm
The Apriori algorithm is one of the classical association rule
algorithms for mining of frequent item sets. Its core is a
recursive algorithm based on the idea of the two-phase
frequency set. The association rule belongs to a single-
dimension Boolean association rule classification. Here, the
total support is greater than the minimum support of item
sets; these are called frequent item sets and referred to as
the “frequency set.” The basic operation of the algorithm is
to firstly find all frequent sets; the frequency of these item
sets should at least meet the predefined minimum support.
Then, strong association rules are generated from frequent
sets; these rules must meet the minimum support and
minimum credibility. Finally, use the frequency set gener-
ated in the first step to produce the desired rules. All the
rules were merely inside the set of the items, each of which
has only one item in the right side. This is the definition of
the rules. Once these rules are generated, only rules that
meet the minimum credibility defined by the user can stay.
All frequent sets are generated using the recursive method:
(1) L1 Z find_frequent_1-itemsets(D);
(2) for (k Z 2;Lk1 sF ;kþþ) {
(3) Ck Z apriori_gen(Lk1, min_sup);
(4) for each transaction t ˛ D {//scan D for counts
(5) Ct Z subset(Ck, t);//get the subsets of t that are
candidates
(6) for each candidate c ˛ Ct
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(8) Lk Z {c ˛ Ckjc.count  min_sup}}
(9) return L Z kWLk;Entropy-based complex systems partition method
A complex system can be expressed as a vector:
XiZðXiaÞ
where XiZðXiaÞ (i Z 1, 2,/, p, a Z 1, 2,/, q) is the
description of system variables. Make Ci (i Z 1, 2,/, p) to
Xi classification set, the a element of Ci is CiaZa, and
nað
Pk
aZ1naZqÞ for the number of Xi belonging to the Ci
class a of the event. The entropy defined variables for Xi
HðXiÞZ
Xk
aZ1
na=qlgna=q
Joint entropy of Xi, Xj is defined as:
H

Xi;Xj

Z
X
a
X
b
nab=qlgnab=q
The nab represents an event Xi belonging to the Ci class;
at the same time, Xj belongs to the Cj class b number.
Types (2.6) and (2.7) can be expressed as
HðXiÞZlgq 1
q
Xk
aZ1
nalgna
H

Xi;Xj

Zlgq 1
q
X
a
X
b
nablgnab
The entropy partition method for a complex system is
described as follows:
The first step: set X to the original input data set, con-
taining p variables. Set T to the empty set, as the output
data set.
The second step: calculate the correlation between
variables in X and obtain the incidence matrix of Qpp
variables. According to the numerical parameter m, forTable 1 Use frequency of single herbs in the prescriptions for
Item ID English name of herb Ab
1 Dried Tangerine Peel DT
2 Poria PO
3 Nutgrass Galingale Rhizome NG
4 Debark Peony Root DP
5 Red Peony Root RP
6 Villous Amomrum Fruit VA
7 Finger Citron FC
8 Chinese Angelica CA
9 Clam Shell CS
10 Inula Flower IF
11 Salvia Root SR
12 Spine Date Seed SDS
13 White Atractylodes Rhizome WA
14 Orange Fruit OF
15 Perilla Stem PSeach variable, Xi can obtain the correlation sets R(Xi, m),
1  m  p1.
The third step: according to the concept of variables
between closely related, it will meet the Xa ˛ R(Xb, m) and
Xb ˛ R(Xa, m) of the two variables related to {Xa, Xb} output
as a set of rows in S vector, which is the system of X
(a partition).
The fourth step: in the basis set, t will meet any of these
variables and is closely related to the output of the three
level variables {Xa, Xb, Xc} to the collection of T, while the T
of level-two related variables {Xa, Xb}, {Xa, Xc}, {Xb, Xc} is
removed. Therefore, it is not related to higher-level vari-
ables. Obviously, the highest level is not more than mþ1.
The fifth step: according to the two lowest criteria of
ideal reticle inspection output set, each row in a vector will
satisfy the partition results output to T.
According to the above algorithm, we can determine the
final output partition results. Each row vector element
must satisfy two points: (1) any two elements correspond-
ing to variables are closely related; (2) there is no vector
elements corresponding to the row vector.
Results
After screening and analyzing 609 recipes in the database
using the above-mentioned methods, the meaningful asso-
ciation rules were retained (and the meaningless, repeti-
tive, and redundant rules were not retained).
Analysis of the frequency of single herb
components
Table 1 shows the 15 single herb components with the
greatest use frequency in treatment of digestive system
diseases. Table 2 shows the use frequency of all herbs in
recipes according to their four natures. Table 3 shows the
use frequency of all herbs according to their five flavors.
Table 4 shows the use frequency of all herbs according to
their channel tropism, and Table 5 shows the use frequency
of all herbs according to their family.digestive system diseases.
breviation Chinese name Frequency
P 陈皮 461
茯苓 310
R 香附 304
R 白芍 289
R 赤芍 276
F 砂仁 274
佛手 270
当归 210
煅瓦楞子 204
旋覆花 197
丹参 189
炒酸枣仁 170
R 炒白术 165
枳壳 161
紫苏梗 159
Table 2 Use of herbs according to their four natures.
Item ID Four natures Chinese name Frequency
1 Warm 温 2644
2 Neutral 平 1554
3 Cool 凉 1536
4 Cold 寒 584
5 Hot 热 55
Table 3 Use of herbs according to their five flavors.
Item ID Five flavors Chinese name Frequency
1 Bitter 苦 3779
2 Pungent 辛 3230
3 Sweet 甘 2306
4 Sour 酸 852
5 Salty 咸 415
6 Tasteless 淡 343
7 Astringent 涩 47
Table 4 Use of herbs according to their channel tropism.
Item ID Channel tropism Chinese name Frequency
1 Spleen 脾 3913
2 Liver 肝 3144
3 Lung 肺 2540
4 Stomach 胃 1823
5 Heart 心 1514
6 Kidney 肾 1451
7 Large intestine 大肠 767
8 Gallbladder 胆 665
9 Triple energizer 三焦 376
10 Bladder 膀胱 327
11 Small intestine 小肠 194
12 Pericardium 心包 118
Table 5 Use of herbs according to their family.
Item ID Latin name of family Chinese name (科) Frequency
1 Rutaceae 芸香科 1037
2 Ranunculaceae 毛茛科 737
3 Labiatae 唇形科 557
4 Zingiberaceae 姜科 397
5 Umbelliferae 伞形科 393
6 Compositae 菊科 389
7 Polyporaceae 多孔菌科 326
8 Cyperaceae 莎草科 304
9 Leguminosae 豆科 272
10 Polygonaceae 蓼科 159
11 Liliaceae 百合科 139
12 Campanulaceae 桔梗科 134
13 Lauraceae 樟科 128
14 Ostreidae 牡蛎科 123
15 Cucurbitaceae 葫芦科 116
244 J. Wu et al.Analysis of the association rules
In this study, the minimum support and minimum credibility
were 20% and 90.0%, respectively. Table 6 shows the fre-
quency (over 155) of use of 22 core combinations obtained
using the complex system entropy cluster method. An as-
sociation rule is considered relevant if it at least satisfies
the minimum support and credibility thresholds defined by
the users. Table 7 shows all generated rules for which the
support was greater than, or equal to, the minimum sup-
port threshold, and for which credibility was greater than,
or equal to, the minimum credibility threshold. The
network diagram of the association rules of commonly used
herbs is showed in Fig. 1.
Table 7 shows the eight frequently used herb pairs with
credibility over 0.91 and support level over 20%, which
were obtained using the modified MI method.Table 6 Frequency of core combinations used in the
prescriptions for digestive system diseases.
Item ID Core combinations Frequency
1 DTP, NGR 259
2 DTP, PO 253
3 DTP, VAF 246
4 FC, DTP 238
5 DPR, DTP 209
6 DPR, RPR 209
7 RPR, DTP 202
8 FC, NGR 197
9 DPR, NGR 194
10 RPR, NGR 192
11 FC, DTP, NGR 175
12 DTP, CS 174
13 DTP, IF 170
14 FC, CS 167
15 DPR, FC 167
16 IF, CS 166
17 NGR, CS 160
18 DPR, DTP, NGR 160
19 PO, WAR 157
20 NGR, IF 157
21 DPR, RPR, DTP 157
22 PO, VAF 155
Table 7 Herb pairs with credibility over 0.91 used in the
prescriptions for digestive system diseases.
Item ID Rule Confidence
1 PS/ DTP 0.962264
2 FC, VAF/ DTP 0.959459
3 NGR, PS/ DTP 0.958042
4 WAR/ PO 0.957317
5 DTP, WAR/ PO 0.952756
6 VAF, NGR/ DTP 0.952381
7 FC, DTP, IF/ CS 0.923664
8 FC, IF/ CS 0.919463
Figure 1 Network diagram of association rules of commonly used drugs.
Yan Zhenghua’s medication rule in prescriptions 245Table 8 shows the 10 candidate new prescriptions ob-
tained using the complex system entropy cluster method.
The network diagram is provided in Fig. 2.
Discussion
Among the 609 TCM prescriptions, the most frequent were
for stomachache and diarrhea. The results indicated that
the herbs used most frequently in the prescriptions for
digestive system diseases were Dried Tangerine Peel, Poria,Table 8 Candidate new prescriptions obtained using unsupervi
Item ID English name of herbs in candidate new prescriptions
1 Oriental Waterplantain Rhizome þ Poria þ Chinese An
2 Fried Millet Sprout þ Liquorice Root þ Red Peony Roo
3 Citron Fruit þ Christina Loosestrife þ Fortunne’s Dryn
4 White Atractylodes Rhizome þ Common Floweringqinc
5 Sanqi þ Fired Amur Cork Tree þ Tortoise Carapace an
6 Inula Flower þ Germinated Barley þ Nutgrass Galinga
7 Hemp seed þ Immature Orange Fruit þ White Atracty
8 Bitter Apricot Seed þ Thunberg Fritillary Bulb þ Stem
9 Mulberry Twig þ Chinese Clematis Root þ Large leaf G
10 Fried Clam Shell þ Medicinal Evodia Fruit þ Finger CitNutgrass Galingale Rhizome, Debark Peony Root, Red Peony
Root, Villous Amomrum Fruit, Finger Citron, Chinese An-
gelica, Clam Shell, and Inula Flower. The analysis indicated
that the herbs most frequently used by Professor Yan to
treat digestive system diseases were mostly prescribed to
soothe the liver, regulate the flow of vital energy and
remove its obstruction, to mitigate pain, harmonize the
stomach, invigorate the spleen, and eliminate dampness.
The most important herb used in the prescriptions was
Pericarpium Citri Reticulatae. This herb has a warmsed cluster analysis.
gelica þ Coix Seed
t þ Tangshen
aria Rhizome þ Giant Knot Weed Rhizome þ Fructus Perillae
e Fruit þ Epimedium Herb þ Collett Yam Rhizome
d Plastron þ Talc þ Debark Peony Root
le Rhizome þ Fried Clam Shell þ Debark Peony Root
lodes Rhizome þ Fried Radish Seed þ Chicken’s Gizzard-Skin
ona Root þ Semen Benincasae
entian Root þ Tall Gastrodia Tuber
ron þ Inula Flower þ Tangshen
Figure 2 Network diagram of new prescriptions.
246 J. Wu et al.nature, a bitter and pungent flavor, and its channel tropism
is the lung and spleen, which has the effect of regulating qi
flow to strengthen the spleen, drying dampness, and elim-
inating phlegm. The other key herbs used, such as Poria,
Nutgrass Galingale Rhizome, Debark Peony Root, and
Villous Amomrum Fruit, also possess the character of spleen
meridian tropism and have selective effects on the spleen
and digestive system. For example, Debark Peony Root
tends to be used in China to treat various diseases of the
liver and digestive system, such as disharmony between the
liver and spleen, abdominal pain, liver depression and
spleen deficiency, and diarrhea.
The analysis indicated that the most frequently used
herb pairs were Dried Tangerine Peel and Rhizoma Cyperi,
Pericarpium Citri Reticulatae and Poria, Pericarpium Nut-
grass Galingale Rhizome and Villous Amomrum Fruit, Finger
Citron and Dried Tangerine Peel, and Debark Peony Root
and Dried Tangerine Peel (Table 6). These are the herbs
most frequently used to treat digestive system diseases in
clinical practice; therefore, the core combination data
reflect actual clinical use. The results indicate that Dried
Tangerine Peel was often coupled with Poria to treat
spleen-deficiency and qi-stagnation syndromes. Research
shows that Dried Tangerine Peel can enhance the regulation
of vital energy and eliminate dampness when decocted
with Poria. All these herbs and herb groups exert effects on
the symptoms of stomachache, diarrhea, acid regurgita-
tion, distention, and fullness, which are the primary
symptoms of digestive system diseases.The results indicate that most herbs used in the pre-
scriptions for digestive system diseases show spleen, liver,
lung, and stomach meridian tropism. Analysis of the four
herb natures revealed that warm, neutral, and cool herbs
were used most often in TCM prescriptions. Analysis of the
five herb flavors showed that bitter, pungent, and sweet
herbs were more frequently used in TCM prescriptions.
Professor Yan believes that the stomach receives food and
drink, the spleen governs transportation and trans-
formation and transports nutrients upwards, and the
stomach propels food downwards; both organs interact.
The liver controls the conveyance and dispersion of qi
closely associated with the functions of the spleen and
stomach. If the liver fails to course freely, depression and
stagnation of qi can occur, the movement of qi is disturbed,
spleen qi fails to send up nutrients, and the stomach qi fails
to descend. This leads to digestive function disorders and a
series of liverestomach disharmony symptoms, such as
stomachache, belching and abdominal pain, anorexia,
distention, and fullness. The functions of the lung are
characterized by purification and descending of the qi. The
movement and rhythm of lung breath regulates the
zangefu viscera and the qi of the channels and collaterals.
Therefore, Professor Yan’s treatment of digestive system
diseases, in its simultaneous treatment of the spleen and
stomach, focuses on strengthening qi and promoting
catharsis in the liver and lung. Of the herb pairs, Xiangsha
Liujunzi decoction application showed the greatest MI
value (Table 7), which also conforms to clinical practice.
Yan Zhenghua’s medication rule in prescriptions 247Complex system entropy clustering is a technique
recently developed specially to examine the data charac-
teristics of the four diagnostic clinical methods of TCM and
CM recipes.3 It is an unsupervised data mining method and
suits the non-linear relations among graded variables such
as those used in diagnostic information and CM. With this
method, as much useful dispersion information as possible
is collected and irrelevant information is deleted. The
variables are clustered by self-organization, and the vari-
able number in the class is automatically determined. The
association rules and the unsupervised cluster analysis can
produce new prescriptions, but these prescriptions lack
clinical validation. However, the technique can detect the
occurrence of a variable in different classes, which con-
forms to the basic theory of TCM. The method has been
used in TCM clinics and in the development of new TCM
recipes and its results seem to conform to clinical
practice.3,4
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